Vascular changes in the spinal cord in N-methyl-D-aspartate-induced excitotoxicity: morphological and permeability studies.
Our previous studies have demonstrated toxicity in spinal cord neuronal systems of middle-aged rats with continuous intrathecal infusion of N-methyl-D-aspartate (NMDA). The present study was undertaken to determine when during the course of excitotoxicity vascular changes occur. The model used was intrathecal infusion of NMDA in the region of the lumbar enlargement of the spinal cord. Horseradish peroxidase (HRP) was used as a marker of vascular permeability alterations occurring in this model. Pathological changes were observed in the cord gray matter of all rats infused with 30-60 micrograms/min NMDA for 30 or 60 min. The changes consisted of swelling of dendrites which gave the neuropil a vacuolated appearance. There was expansion of the extracellular spaces in these areas and neurons were shrunken with pyknotic nuclei. These changes were more frequently encountered in the posterior than anterior horns and were specific for NMDA since they did not occur in NMDA-infused rats pretreated with MK-801, a specific NMDA antagonist. Endothelial dysfunction manifested as increased permeability to HRP. This was a consistent finding in all rats infused with the higher dose of NMDA and was less frequent in those infused with 30 micrograms/min and no vascular changes were observed in rats infused with NMDA for 30 min despite the presence of tissue changes. Increased permeability affected all types of vessels but principally, capillaries and venules. There was no evidence of endothelial necrosis or vascular occlusion. This study demonstrates that in excitotoxin-mediated tissue damage, breakdown of the blood-brain barrier follows the development of nervous tissue damage. Thus, edema is not a significant feature of early lesions in excitotoxin-induced brain injury.